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INTRODUCTION
Urban river lies between natural river and artificial canal, two banks and the bottom are usually built with concrete, the river way is usually straight and the runoff and velocity are small [1] . Environment Bulletin in 2015 of National Ministry of Environmental Protection shows that, State-controlled Sections of 10 major basins which the water quality is lower than V level of Environmental quality standards for surface water occupy 13.6%, part of them shows serious pollution. DO is one of the most important indexes of water quality which is necessary for aquatic creatures in urban river. Generally fish will stop eating when the concentration of DO is lower than 2 mg/L, shrimp will be suffocated to death when it is lower than 1.3 mg/L. meanwhile, without fully degradation organic pollutants will be decomposed by anaerobic bacteria, water quality shows the black smelly phenomenon [2] [3] .Therefore, increase the dissolved oxygen content in water, which meet the need of physical and chemical conditions for aquatic organisms to accelerate the degradation of organic pollutants, is one of the most important measures in treatment of urban polluted water.
At present, the reaeration mode of urban polluted water includes artificial aeration, hydraulic waterfall and photosynthesis of aquatic plants [4] .Aquatic plants can survive naturally in water. Photosynthesis is the energy source of plant growth and sewage purification [5] .Photosynthesis reaeration of plant has the advantages of landscape effect, low investment cost and certain removal efficiency of pollutants. In the paper we study the reaeration features of 4 submerged plants and removal effect of pollutants, in order to explore the reaeration technology of urban polluted water.
MATERIALS and METHODS

Sampling Methods
According to the principle of high biomass, strong adaptability, good purifying effect and high economic values, Four kinds of submerged plants were selected from Su-xu River in Zhengzhou, which were Vallisineriaspiralis, Hornwort, Hydrillaverticillata, Myriophyllumverticillatum. The four kinds of submerged plants were selected to study the effect on the contents of Dissolved Oxygen and water quality in urban polluted water. The plant selected were all about 40cmheight and growing well, to ensure the experiment result comparably.
Water Quality Determination Indexes and Methods
The determination indexes includes Dissolved Oxygen (DO)，Chemical oxygen demand (COD), ammonia nitrogen(NH4+-N).DO was preliminary measured using portable dissolved oxygen meter in field and finally determined by Iodimetetry (GB/T7489-87) in the Laboratory, COD determined by Potassium dichromate method (GB 11914-89) and NH4+-N determined by nessler's reagents spectrophotometer (HJ 535-2009). 
Planting Pattern
Plants were planted in white plastic buckets with the size of 95cm×75cm×65cm. 5 cm-thick soil were paved at the bottom of the buckets, 9 plexus were planted in the plastic bucket evenly by 3×3 plexus, each plexus contain 6 plants [6] .
Experimental Design
Experiment of reaeration effects of submerged plants Three groups of experiments were set up, the first group was control group, with clear water placed in plastic bucket and natural lighting condition , the second group that submerged plants were planted in plastic bucket with clear water under natural lighting condition was to measure the oxygen supply rate of photosynthesis. the third group that submerged plants were planted in plastic bucket with clear water under dark condition was to determinate the oxygen consumption of respiration.
Date collection began after one week of culture, in the first stage, determination of DO at 9:00am was used to analyze the reaeration effect of submerged plant for 2 weeks. In the second stage, the plant with better reaeration effect were selected according to the result of the first stage. DO was measure dat 9:00am and 11:00am for 9 days continuously, date were used to analyze the effect of different light intensity to the reoxygenation of submerged plants.
Experiment of effects on water quality by Submerged Plants in urban polluted water
We got urban polluted water from Jialuriver, some of the quality index shown as table I.
We chose DO, COD and NH4+-Nas test indexes. DO was measured at 9:00am for 6 days continuously. Considering that the removal of pollutants is a slow process COD and NH4+-N were measured every three days for 2 weeks.
Experiment of effects on the Contents of Dissolved Oxygen by submerged plants in flowing water the plants with good reoxygenation effect were selected according to the result of experiment in Static water, they were used to analyze reaeration effect by submerged plants in flowing water. Three groups of experiments were set up, the first group was control group with flowing water in bucket, no plant, natural lighting. The second group was experiment of submerged plants in Static water and natural lighting. The third group was experiment of submerged plants in flowing water and natural lighting. the flow was control at 50L/h in the first and third experiment. The concentration of DO was determinated at 9:00am, 11:00am, 1:00pm, 3:00pm for 6 days.
Statistical Analyses
Experimental data was analyzed with EXCEL, the significant difference between the study group and control group was analyzed with SPSS 17 .0.
RESULTS and DISUSSION
Effects of Submerged Plants on DO Concentration in Clear Water
In the process of growth of submerged plants, oxygen travels from the upper part to the roots by photosynthesis, the oxygen content of the root system was increased, and the DO concentration was increased [7] . The concentration of DO in four kinds of plants under natural lighting condition was higher than that of DO under dark condition, which is showed in Figure 1 . Among the four plants, when Hydrillaverticillata, Vallisneriaspiralis and Hornwort are under natural lighting condition, DO concentration in water was significantly higher than DO concentration under dark condition, significant difference (P<0.05), the effect of reoxygenation is obvious. When Myriophyllumverticillatum are under natural lighting condition, DO concentration in water was higher than DO concentration in the absence of light too, that means Myriophyllumverticillatum release oxygen. However, under dark condition, the concentration of DO in water is only a little more than that of DO under natural lighting condition, the difference was not significant, and the effect of water reoxygenation is not obvious. Myriophyllumverticillatum and other three submerged plants compared to the lowest concentration of 12d for DO concentration, accounting for 85.71%; the highest DO concentration time of HydrillaVerticillata, Hornwort, Vallisneria and Myriophyllumverticillatum is 8d, 5d, 1d and 0d, the proportion was 57.15%, 35.71%, 7.14% and 0%, respectively.
Effects of Different Light Intensity on the Reoxygenation Ability of Submerged Plants
Compared with four submerged plants, Hydrillaverticillatareoxygenation effect is the best. Photosynthesis is the most important metabolic activity of submerged plants, and the light intensity is the essential environmental factor of submerged plants and its main limiting factor [8] . As can be seen from Figure 2 , when the Hydrillaverticillata under natural lighting condition, DO concentration in water at 11:00am was higher than that of 9:00am, suggesting that the photosynthesis of aquatic plants reoxygenation affected by light intensity, which in a certain illumination range, light intensity is high, the photosynthesis of aquatic plants reaeration effect is more obvious. When Hydrillaverticillata are under natural lighting condition, the DO concentration was higher than that under dark condition, the results showed that the reoxygenation effect of photosynthesis was significant. This result is consistent with the results of the study by XiaomingLu [9] . In the study, they purify malodorous black water by using water lilies and barracuda grass. In the summer 8:00am-12:00am period, with the increase of light intensity, chlorophyll content of submerged plant leaves increased, and photosynthesis is enhanced.
Effects of Different Submerged Plants on DO Concentration in Urban Polluted Water
As can be seen from Figure 3 , When Hydrillaverticillata, Hornworts and Vallisneria under natural lighting condition the DO concentration in water was higher than the control group, significant difference (P<0.05). The measurement of 6d, when Myriophyllumverticillatum under natural lighting condition the DO concentration in water is higher than the control group of time up to 3d.That shows submerged plants have a certain reoxygenation effect. When Hydrillaverticillata under natural lighting condition the DO concentration in water is the highest, the effect of reoxygenation is obvious. The change trend of DO concentration in water of all kinds of submerged plants in natural lighting condition and the dark conditions is consistent with the clear water experiment, that submerged plants have better reaeration effect.
As shown in Figure 1 and Figure 3 , in the test of clear water and polluted river water, DO concentration value is on the high side in the blank experiment, and it is more higher than that at this temperature (the saturation concentration of DO was 7.82mg/L at 28 DEG C). This may be due to the water surface is full of sunshine, some algae grow and multiply in a suitable condition, while the growth and reproduction of algae need photosynthesis to produce a large amount of oxygen, so that the surface of the water surface DO appears too saturated. The change of DO concentration is large and unstable. This is because DO in water is easily affected by water temperature, water and air contact area size and the length of time, degree of disturbance factors such as water, and water temperature and plant illumination changes, resulting in the concentration of DO has certain floating.
Effects of Different submerged Plants on the Concentration of NH4
+ -N in Urban Polluted Water
As can be seen from Figure 4 , the concentration of NH4+-N in the group control is gradually reduced, thus it can be inferred that the nitrification and denitrification in the wastewater can be used to consume NH4+-N in water. The same type of submerged plant in the same time, the concentration of NH4+-N under natural lighting condition was significantly lower than that of NH4+-N concentration under dark condition. The difference was significant (P<0.05), which suggested that higher DO promoted nitrification. NH4+-N concentration in water under natural lighting condition decreased sharply while submerged plants in urban polluted water aquaculture after a week. This may be because the uptake of nutrients by roots and stems was mainly composed of ammonium nitrogen and nitrate nitrogen because root system is the main absorption organ in the process of growth of submerged plants [10] . When the 4 submerged plants in dark conditions, the concentration of NH4+-N is also lower than that in the control group, which also proves the correctness of the conclusion. While submerged plants under natural lighting condition, the water content of DO sufficient suitable for the growth of aquatic plants, and the ability to absorb pollution by root is strong. After submerged plants were cultured for 10 days in the river, the concentration of NH4+-N in water decreased abruptly under dark conditions. Nitrification is affected by temperature and DO, while under dark conditions, the temperature in the water body is maintained at 25 DEG C, the concentration of DO is greater than 2mg/L, and the nitrification activity is enhanced ( the optimum temperature for microbial survival is 15 DEG C to 30 DEG C, and the DO concentration is usually higher than 2mg/L ), so that NH4+-N concentration decreased [11] . The NH4+-N concentration change trend tends to slow, due to absorption by nitrification and plant roots in prophase, has made the most of the nitrogen has been removed from the water or transformed, later led to lower NH4 + -N concentration, and the amplitude of variation is smaller compared to the previous. 
Effects of Different Submergedplants on COD Concentration in Urban Polluted Water
As can be seen from Figure 5 .that the concentration of COD in the control group decreased obviously in the initial stage of the experiment. The results showed that the degradation process of COD was mainly dependent on the microorganisms in the river water, and the degradation process was affected by the temperature of the water, the DO, the species and the amount of water in the water. In this experiment, the concentration of DO is always greater than 4mg/L, so the degradation of COD is mainly aerobic degradation process. The COD removal efficiency of four submerged plants is not obvious, the difference was not significant, with the prolonging of treatment time, COD in water rebound trend first decreased and then increased. Submerged plants can remove nutrients from the water, low nutrients resulted in submerged plants cannot survive for a long time. In the later stage of treatment, algae appeared, and the transparency of the water was decreased and the light was not enough. Thus affecting the photosynthesis of plants, resulting in reduced chlorophyll content, decreased cell activity, increased plant corruption and other results, and ultimately lead to the rise of COD. Contrary to the effect of NH4 + -N removal, COD concentration in water affected by Submerged plants under dark conditions is lower than that of natural light condition, the removal effect is better. This may because the water temperature is too high in natural lighting condition, resulting in some tissues of submerged plants deposited into the water, leading to corruption, rising COD. Figure 6 . The effect of reaeration ability on submerged plant in flowing water.
The Effect of Reaeration Ability on Submerged Plant in Dynamic Water
Hydrillaverticillata has good reoxygenation effect, so flowing water reaeration experiment of submerged plants by Hydrillaverticillata was carried out. The DO value of water at each time of 6d is used to represent the concentration of DO in the blank, static and flowing water at different time of day (9:00, 11:00, 13:00, 15:00).
As can be seen from Figure 6 , under natural lighting condition in different times of the day, the photosynthesis of Hydrilla reaeration effect in constant change. The flowing water DO concentration was lower than that of the static water, and the DO difference between the two water bodies at four moments was 0.56mg/L, 3.25mg/L, 4.37mg/L, 6.53mg/L, this may be due to the lower DO concentration in the water entering flowing water. Compared with water of the control group and flowing water under natural illumination, the DO value increment of the water of the four moments is 4.76mg/L, 7.12mg/L, 6.38mg/L, 4.26mg/L. According to the change of the effect of oxygen, the oxygen content in the flowing water of 11:00 is the largest, reaching 7.12mg/L. The result shows that the effect of reaeration of submerged plants varies with the change of light intensity, light in a certain range, the greater the light intensity, the more obvious effects of reoxygenation.
CONCLUSIONS
(1) Four kinds of submerged plants can increase the concentration of DO in water, and the reaeration effect is more and more obvious with the increasing of light intensity in a certain range.
(2) Four kinds of submerged plants shows different ability of reaeration, Hydrillaverticillata shows stronger ability of reaeration than the other three kinds of plants under the condition of nature light and Myriophyllum verticillatum not obvious.
(3) Four kinds of submerged plants shows good removal effect of NH4+-N, the removal rates of NH4+-N by Hydrillaverticillata, Vallisneria, Hornwort and Myriophyllumverticillatum 95.05%, 92.74%, 89.45% and88.29%.
(4) For the same kinds of plants, the concentration ofNH4+-N in water under nature light condition is significantly lower than that under dark condition at the same time.
(5) The removal effect of COD is not obvious of the four our kinds of submerged plants. COD in water shows increasing trend in the late.
(6) Hydrillaverticillata which showed better ability of reaeration in experiment, can be chosen as preferred plants in the treatment of Urban polluted water.
